The current trend in the industry is to produce thin, light weight, and environmental products. In this project, flat or shallow thin-walled parts were designed and moulded lignocellulosic polymer composites (PP + 50 wt% wood) to visualize the processability via moulding simulation. This studied focused on the filling, shear stress at wall, and in-cavity residual stresses behaviors. The shallow thin-walled part is preferable in moulding PP + 50 wt% wood due to economically in processing, low shear stress distribution and low residual stresses than the flat thin-walled part.
Introduction
The current trend in the industry is to produce thin, light weight, and environmental products. However, reducing the thickness of parts to less than 1 mm and at the same time applying lignocellulosic fibre as a filler material are extremely challenging in terms of processing via injection moulding process.
Rahman et al. [1] studied the processability of a window frame using rice husk polymer composites through simulation using the Moldflow software. The hollow design was selected as the more suitable window frame for fabrication because it can reduced manufacturing costs due to a shorter moulding cycle, low material usage and shows higher mechanical durability than the solid design.
Azaman et al. [2] studied the formation of in-cavity residual stresses on moulded thin-walled part using lignocellulosic polymer composites. They found that the stress variation across the thickness exhibits a high tensile stress at the part surface, which changes to a low tensile stress peak value close to the surface, with the core region experiencing a parabolic tensile stress peak.
Residual stresses are caused mainly by a non-uniform temperature distribution profile in moulded part during the filling, packing, and cooling stages of the moulding process [3] .
This study investigated numerical simulation of flat or shallow thin-walled parts in terms of their processability using lignocellulosic fibre reinforced polymer composite materials with respect to fill time, shear stress at wall and in-cavity residual stresses.
Methodology

Part Design
Autodesk Inventor Professional ® was used to model the thin-walled moulded parts. Two 3D designs were created: a flat thin-wall part and a shallow thin-wall part. Both had the same length, width and thickness of 55 mm x 50 mm x 0.7 mm but exhibited with different features.
Numerical simulation
Autodesk MoldFlow Insight® was used to simulate and analyse the injection-moulding process. The injection-moulding machine and the material used in the simulation adhered to the following specifications: Argburg Allrounder 370c 88-ton injection-moulding machine (30 mm); and PP + 50 wt% wood composite from Isoform Lip CPCW50, Isokon. The simulation was performed using a set analysis (Fill + Cool + Fill + Pack + Warp) for these models.
Results and Discussion
Filling simulation
The results of filling simulation for both designs, show that the flat thin-walled part required 1.237 sec to fill and the shallow thin-walled part required 1.330 sec to fill, as shown in Fig. 1 . The lignocellulosic composite material was also observed to flow more easily through flat thin-walled part than through the shallow ones. However, if more importance is given economical design, then the shallow part is still an acceptable and practical design. Table 1 shows the volume and weight of both designs. Low volume and weight indicate low costs of design, materials, and manufacturing. The results obtained were consistent with similar findings by Rahman et al. [1] where they reported that hollow design given better results with shorter moulding cycles as well as low material usage, and reduced manufacturing cost compared to solid design. heat. That means the flow shear stress of materials in cavity has ability to maintain the heat lost from dissipate into mould wall with minimum levels. This allows more time for the level of molecular or filler orientation to relax. Therefore, it will be affecting the lower the degree of orientation of the melt next to frozen layer and causes lower value of shear stress. A larger amount of orientation will lead to higher residual stress [4] . Higher residual stresses can result in parts stress-cracking during ejection or in service.
Shear stress at cavity wall
Fig. 2. The shear stress at cavity wall distribution on thin-walled parts
In-cavity residual stresses in filling and packing simulation Fig. 3 shows that the maximum residual stresses decrease when approaching a part thickness 0.175 mm and increase again near a thickness of 0.35 mm for both sides of the parts. The distribution pattern of the residual stresses through the thickness of the part is agreement with the patterns reported in previous studies [5] [6] .
Applied Mechanics and Materials Vol. 575 Fig. 3 . The tensile residual stresses distribution occurs on site near the gate, centre part surface and end of fill for both parts The results reveal that the residual stresses near the gate and the centre of the shallow thin-walled part are lower than are those observed in the same locations o the flat thin-walled part. However, at the end of the fill, the residual stresses in the shallow part were found to be higher than are those in the flat part. This is due to the longer time required to fill the shallow part cavity, which leads to a slower solidification process at the end of shallow part.
Conclusion
In conclusion, this study shows that shallow thin-walled part are suitable for moulding lignocellulosic composite materials, exhibiting economically in processing, low shear stress distribution and low residual stresses
